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If we draw a parallel among two of the age-old scourges
of humans, Mycobacterium tuberculosis and Helicobacter
pylori, we will find a great superimposition of the two in
terms of their history, ecology, geographic distribution
and the fact that both the pathogens get fiercely
engaged with host innate defenses and avoid clearance
due to being highly adapted to their niches [1]. How-
ever, the pattern of their chromosomal evolution is very
different [2]. Whole genome sequencing revealed that
M. tuberculosis pangenome is of a closed type because
of its largely being conserved [3] and that of H. pylori is
an infinitely open one [4], meaning that dozens of new,
undefined genes and genetic elements will be identified
with the addition of each new genome to the existing
pan-genome of the latter. This is good news for sequen-
cing companies who were not happy with loosing the
business opportunities with Mycobacterium research
community but they can in a big way embark upon the
Helicobacter sequencing assignments aimed at popula-
tion genomics and towards finding new virulence factors
and novel markers for strain identification [5].
T h ec o s t so fw h o l eg e n o m es e q u e n c i n gh a v ed e c l i n e d
worldwide due to the feasibility and cost-effectiveness of
the next generation sequencing platforms (such as
Solexa). As these technologies permit multiplexing,
bringing the costs further down, the H. pylori genome
programs have almost become pedestrian. It is therefore
ah i g ht i m ef o re v e nt h el o w e rresource settings to initi-
ate genome inferred molecular epidemiology and switch
over from genotyping to genome sequencing for strain
identification. This has also a significant potential for the
training of students who could pursue genome sequence
annotation and comparative genomics projects for disser-
tations. This situation also has implications for countries
and continents dealing with their ‘enigmatic’ position as
to the H. pylori infection outcome - for example, the
Indian enigma [6] or the Malaysian enigma [7].
H. pylori’s core genome is almost conserved with close
to 1200 genes. However, its ‘variome’ comprised majorly
of highly fluid, plasticity zones (PZs) could be of signifi-
cant research interest because it contains novel genes
and genetic elements whose composition and structure
varies and evolves in association with the geographic
descent of the strains and host ecology/physiology.
Functional level understanding of such plastic genomic
repertoires could be very significant in understanding
mechanisms of adaptations and survival over time with-
out being cleared by the innate immune system. There-
fore, the wealth of comparative genomic data emanating
from multiple whole genome sequencing projects will
make it possible to systematically decipher functional
consequences of genomic diversity at population level
[5]. Such data will also be helpful to understand how
genotypic information relevant in molecular epidemiol-
ogy and evolutionary genetics could be scaled up
(through functional screens of whole genome insertion,
deletion and substitution patterns of single strains) to
‘functional molecular infection epidemiology (FMIE).
This approach could be highly useful in understanding
of the interplay between pathogens and their hosts
through descriptive host pathogen genomic variations
encompassing some of the vital traits on both the sides
such as adhesion, invasion, persistence and adaptation
(bacterial side) as well as transient versus chronic infec-
tion, disease severity, progression to overt consequences
and genetic susceptibility or resistance (host side).
Another important reason to pursue replicate genomics
of H. pylori entails the need to study adaptation through
evolution in a single host [8-11]. The nature and extent of
genetic lesions that the chronically inhabiting H. pylori
accumulates in a chronological manner during coloniza-
tion of different host niches are not known; this needs
in-depth analysis involving strains obtained hierarchically
and sampled from different sites of individual stomachs to
identify possible genetic exchanges or deletions occurring
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any medium, provided the original work is properly cited.over time. Apart from this, geographically distinct strains
and their multiple representatives could be sequenced to
explore local advantages in terms of host adaptation or
disease outcome; for example, H. pylori i n f e c t i o ni nt h e
Indian population (despite a very high colonization rate of
up to 90%) rarely leads to serious consequences [12] such
as gastric cancer in a significant majority of patients who
test positive for H. pylori infection (cancer rates <3.0 per
100000). Bacterial co-ordinates of such ‘protection’, if any,
can be studied with the help of bacterial genome sequence
data obtained from a number of strains.
Multiple whole genome sequencing of H. pylori has
recently become an exciting regulatory tool in vaccine
studies which advocate use of H. pylori as a vehicle for
antigen delivery. The possibility of using short-term H.
pylori colonisation of the stomach mucosa for antigen
targeting is an attractive strategy for the development of
an oral vaccine [13]. However, the inherent propensity
of H. pylori to recombine and recast its genome needs
to be monitored for any undesirable outcomes during
the course of vaccination. Full genome sequencing could
serve as a primary tool for validation of such vaccination
approaches.
In conclusion, the H. pylori research community is
witnessing good times amidst technology revolution.
Genome data from high burden countries would add to
the story in a more meaningful way. The data generated
based on chronological and replicate genomics are likely
to boost our understanding of the host-microbe interac-
tions that could potentially occur with colonization by
H. pylori,w h e r e i n ,s o m ec o u l dp r ove beneficial leading
the co-evolved bacterium and its host to reach homeos-
tasis akin to a ‘symbiotic’ relationship. Such descriptive
host-pathogen associations, when systematically unra-
veled, would form the core of approaches heralding the
era of FMIE.
Acknowledgements
Research on bacterial genomics and evolution in my laboratories is funded
through many large and small grants over time by different agencies,
notably the Dept. of Biotechnology of the Indian Government, and recently
by a matching grant of the University of Hyderabad/UGC (India) under the
aegis of a German Research Foundation (DFG) sponsored international
research training group entitled ‘Internationales graduiertenkolleg-functional
molecular infection epidemiology-GRK1673 (Berlin-Hyderabad)’.
Author details
1Pathogen Biology Laboratory, Department of Biotechnology, University of
Hyderabad, Hyderabad, India.
2Institute of Biological Sciences, University of
Malaya, Kuala Lumpur, Malaysia.
Authors’ contributions
NA conceived the idea of the subject editorial and drafted the manuscript.
Competing interests
The author declares that they have no competing interests.
Received: 17 December 2010 Accepted: 23 December 2010
Published: 23 December 2010
References
1. Perry S, de Jong BC, Solnick JV, de la Luz Sanchez M, Yang S, Lin PL,
Hansen LM, Talat N, Hill PC, Hussain R, Adegbola RA, Flynn J, Canfield D,
Parsonnet J: Infection with Helicobacter pylori is associated with
protection against tuberculosis. PLoS ONE 2010, 5:e8804.
2. Ahmed N, Dobrindt U, Hacker J, Hasnain SE: Genomic fluidity and
pathogenic bacteria: applications in diagnostics, epidemiology and
intervention. Nature Rev Microbiol 2008, 6:387-394.
3. Comas I, Chakravartti J, Small PM, Galagan J, Niemann S, Kremer K, Ernst JD,
Gagneux S: Human T cell epitopes of Mycobacterium tuberculosis are
evolutionarily hyperconserved. Nat Genet 2010, 42:498-503.
4. Fischer W, Windhager L, Rohrer S, Zeiller M, Karnholz A, Hoffmann R,
Zimmer R, Haas R: Strain-specific genes of Helicobacter pylori: genome
evolution driven by a novel type IV secretion system and genomic
island transfer. Nucleic Acids Res 2010, 38:6089-6101.
5. Ahmed N: A flood of microbial genomes - do we need more? PLoS One
2009, 4:e5831.
6. Quek KF, Goh KL: Observations of the Indian enigma is valid. Am J
Gastroenterol 2008, 103:1575.
7. Goh KL, Cheah PL, Md N, Quek KF, Parasakthi N: Ethnicity and H. pylori as
risk factors for gastric cancer in Malaysia: A prospective case control
study. Am J Gastroenterol 2007, 102:40-45.
8. Alvi A, Devi SM, Ahmed I, Hussain MA, Rizwan M, Lamouliatte H,
Mégraud F, Ahmed N: Microevolution of Helicobacter pylori type IV
secretion systems in an ulcer disease patient over a ten-year period.
J Clin Microbiol 2007, 45:4039-4043.
9. Prouzet-Mauléon V, Hussain MA, Lamouliatte H, Kauser F, Mégraud F,
Ahmed N: Pathogen evolution in vivo: genome dynamics of two isolates
obtained 9 years apart from a duodenal ulcer patient infected with a
single Helicobacter pylori strain. J Clin Microbiol 2005, 43:4237-4241.
10. Israel DA, Salama N, Krishna U, Rieger M, Atherton JC, Falkow S, Peek RM Jr:
Helicobacter pylori genetic diversity within the gastric niche of a single
human host. Proc Natl Acad Sci USA 2001, 98:14625-14630.
11. Devi SH, Taylor TD, Avasthi TS, Kondo S, Suzuki Y, Megraud F, Ahmed N:
The genome of H. pylori strain 908. J Bacteriol 2010, 192:6488-6489.
12. Akhter Y, Ahmed I, Devi SM, Ahmed N: The co-evolved Helicobacter pylori
and gastric cancer: trinity of bacterial virulence, host susceptibility and
lifestyle. Infect Agent Cancer 2007, 2:2.
13. Marshall B, Schoep T: Helicobacter pylori as a vaccine delivery system.
Helicobacter 2007, 12:75-79.
doi:10.1186/1757-4749-2-25
Cite this article as: Ahmed: Replicative genomics can help Helicobacter
fraternity usher in good times. Gut Pathogens 2010 2:25.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Ahmed Gut Pathogens 2010, 2:25
http://www.gutpathogens.com/content/2/1/25
Page 2 of 2